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CIGARETTE FILTERS OF SHAPED MICRO CAVITY 
FIBERS IMPREGNATED WITH FLAVORANT MATERIALS 

Related Applications 

This application claims benefit to provisional application no. 60/1 98,627 filed in April 
20, 2000, which is incorporated by reference in its entirety for all useful purposes. 

Technical Field 

The present invention relates to cigarette filters of shaped micro cavity fibers 
impregnated with flavorants that modify the flavor of a smoke stream during the smoking 
process. 

Many types of tobacco smoke modifying agents such as menthol flavorants are 
added to tobacco products to enhance their taste or compensate for variations in tobacco 
quality and blend. Currently, flavorants are applied to the tobacco portion or the packaging 
portion of the cigarettes, which results in only small portion of the flavorant being delivered 
to the user. In addition, the characteristics of flavorants may change after exposure to the 
high heat of combustion before reaching the user. There is a strong need for a practical 
and consistent technology to deliver smoke-modifying agents effectively to the user. 

A wide variety of fibrous materials have been employed in tobacco smoke filter 
elements. Cellulose Acetate ("CA") has long been considered the material of choice for this 
application. However, the choice of materials has been limited because of the need to 
balance various commercial requirements, 

A current method for incorporating adsorbent materials in cigarette filters is the 
physical entrapment of adsorbent particles between CA fibers. The particle size of materials 
used in such prior art is generally limited in the range of 500 to about 1500 microns in 
diameter. In order to achieve reasonable product integrity and pressure drop, smaller 



particles could not be used in this design. In addition, the adsorbents were found to lose 
activity from exposure to triacetin, a plasticizer used as a binder for the CA fibers. 

In order to keep the pressure drop through the filter within acceptable limits, coarse 
granulated materials in the size of about 10 to about 60 mesh are generally used. Monger 
shelf life of the adsorbent was achieved, but the efficiency of the filters was limited by the 
relatively large particle size used. Finer size adsorbent particles with shorter internal 
diffusive paths and higher effective surface areas cannot be used directly in this 
configuration due to excessive pressure drop. 

Smaller particle size adsorbent/absorbent materials generally have enhanced 
kinetics of reaction with gas phase components because of their shorter diffusion paths to 
the interior surface area of such porous materials and the interior body of such absorbent 
materials. CA fibers currently in use have round or open X or Y cross sections that had 
carbon dropped in the space, but the cross sections cannot mechanically hold small 
adsorbent/absorbent particles in place. It was known that employing smaller absorbent 
particles with shorter diffusion paths can form filters with improved kinetics and capacity for 
gas phase filtration applications. 

It has been found that a fiber with open or semi-open micro cavities is desirable for 
holding the adsorbent/absorbent material and the flavorant in place. The term "semi-open 
cavities" as used herein means cavities that possess openings smaller in dimension than 
the internal volume of the fiber in which they are formed, and that possess the ability to 
entrap solid fine particles in their internal volume. The term "open cavities" means the 
opening is the same or bigger in dimension than the internal volume of the fiber in which 
they are formed. 

US 5,509,430 which is incorporated by reference in its entirety for all useful 
purposes including all drawings relates to polymeric bicomponent fibers and to the 



production of tobacco smoke filters from bicomponent fibers comprising a core of a low 
cost, high strength, thermoplastic polymer and a bondable sheath of a material. There is 
a need to develop an improved filter that has better efficiency in selectively removing or 
reducing undesired components from mainstream cigarette smoke stream. 

US 5,191 ,905 issued to Berger, which is incorporated by reference in its entirety for 
all useful purposes including all the drawings describes a cigarette filter. The cigarette filter 
has a filter chip integrally joined to the cigarette section. The filter chip is formed by 
combining in a bundle, at least one absorptive synthetic fiber selected from the group 
consisting of (1 ) graft polymer fibers produced from irradiated polypropylene reacted with 
vapor phase styrene and containing adsorptive functional groups, (2) activated carbon 
fibers, (3) charged electret fibers and (4) magnetic plastic fibers and then chopping the 
combined fibers to a predetermined length. However, Berger does not teach that the fibers 
(1) have micro-cavities and (2) that the carbon is loaded in the micro-cavities. 

To increase the delivery efficiency, efforts have been made to apply flavorants 
directly to the cigarette filter. However, limitations have rendered their 
commercialization unpractical. In US 5,356,704, PET fibers that possess axially 
oriented open grooves spontaneously wettable by water or hexane are used in the outer 
layer of cigarette filters to enhance the delivery of flavorant in a liquid state. However, 
the open structure of the grooves limits the capability of the fibers in retaining flavorant 
components that may be in solid, semi-solid or liquid phase. For example, fibers made 
of polymers such as polypropylene have open structures, which are impermeable and 
not wettable by menthol flavorants and therefore do not satisfy the desired end results 
of flavor delivery. 

US 5,356,704 and 5,275,859 are assigned on their face to Eastman Chemical 
Company, and these patents disclose smoke filters. All these patents are incorporated by 
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reference in their entirety for all useful purposes. 

The terms "adsorbent" or "absorbent" as used herein are defined to mean that the 
ability of a material to take in or soak up gas components on the surface thereof or to 
assimilate such components into the body thereof. 

Summary of the Invention 

Accordingly, an object of the present invention is a cigarette filter comprising shaped 
micro cavity fibers impregnated with a flavorant that effectively and efficiently modifies the 
flavor of a stream of smoke during the smoking process. 

Another object of the present invention is a cigarette filter comprising shaped fibers 
having semi-open cavities impregnated with flavorants. 

Still another object of the present invention is a fiber filter with flavorants having low 
resistance to airflow while achieving excellent flavor delivery efficiency. 

In accordance with the present invention, a cigarette filter comprises shaped multi- 
loba! fibers with semi-open cavities loaded with adsorbent particles that include flavorants 
that release flavors into a smoke stream during the smoking process. 

Brief Description of the Patent Drawings 

Novel features and advantages of the present invention in addition to those 
mentioned above will become apparent to persons of ordinary skill in the art from a reading 
of the following detailed description in conjunction with the accompanying drawing wherein 
similar reference characters refer to similar parts and in which: 

Figure 1 is a cross-sectional side elevational view of a plug-space-plug (PSP) filter 
attached to a cigarette, according to the present invention; 

Figure 2 is a cross-sectional side elevational view of a plug space (PS) filter attached 
to a cigarette, according to the present invention; 




Figure 3 is an enlarged elevational view of a trilobal shaped fiber with semi-open 
cavities between the lobals, according to the present invention; 

Figure 4 is an enlarged elevational view of a quadrilobal shaped fiber with semi-open 
cavities between the lobals, according to the present invention; and 

Figure 5 is an enlarged view of Figure 1, according to the present invention. 
Detailed Description of the Invention 

In the present invention, a novel class of cigarette filters contains fibers with semi- 
open micro cavities used to mechanically entrap solid or capillary retained liquid smoke 
modifying agents such as flavorants. 

For example. Honeywell US 5,057,368, which is incorporated by reference in its 
entirety including all the drawings for all useful purposes describes shaped micro cavity 
fibers that are multilobal such as trilobal or quadrilobal. Other Honeywell United States 
patents which disclose fibers which are incorporated by reference in their entireties 
including the drawings are: 5,902,384; 5,744,236; 5,704,966; 5,713,971; and 5,057,368. 
In addition, U.S. 5,244,614 and 4,858,629 also disclose multilobal fibers and are 
incorporated by reference in its entirety for all useful purposes. There is no disclosure or 
suggestion in these patents that these fibers can be used in cigarette filters. 

The semi-open structure of these multilobal fibers produces a well-defined internal 
void volume that effectively and efficiently retains both solid and liquid flavorants. The art 
of impregnating solid and liquid into those semi-open micro cavities is discussed by Xue 
etalin Highly Efficient Acid-Gas Removing Shaped Fiber Filters, Fundamental and Applied 
Aspect of Chemically Modified Surfaces ; The Royal Society of Chemistry; Ed. By C. Little 
and J. Blitz; P154, 1999, incorporated herein by reference. 

Smoke-modifying agents such as menthol in solid powder form or liquid form are 
effectively retained in the semi-open micro cavities of such fibers and effectively delivered 
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to the user. The smoke modifying agents may also be impregnated with solid fine 
absorbent particles such as carbon powder. The flavorant is retained in a separated 
internal volume of the fibers and does not increase the pressure drop of the filters. In 
Example 2 herein, 40.26 mg of a multilobal fiber can effectively entrap 19.48 mg of ground 
menthol solid powders. Also, 1 1 .16 mg of menthol-impregnated fiber (containing 3.6 mg 
menthol) may be included in the space of plug-space-plug filter arrangement. In Example 
3, menthol was first impregnated into fine ground carbon powders through a wet process 
and then the impregnated carbon was loaded into multilobal fibers and incorporated into 
cigarette filters in a Plug-Space (triad/carbon/menthol) configuration. Menthol delivery per 
cigarette was shown to be 0.14 to 1 .28 mg for those two examples under a standard testing 
condition. Obviously, the menthol delivery level may be adjusted by total loading of the 
fibers in the cigarette and menthol in the fibers. 

Figures 1 and 2 illustrate only two examples of cigarette configurations using 
flavorant material impregnated shaped fibers, but other configurations may be used. 

Figure 1 is a cross-sectional side elevational view showing a plug/space/plug (PSP) 
filter attached to a cigarette 10. The cigarette 10 has a downstream plug 12, a space 14 
and an upstream plug 16 with the downstream plug 12, space 14 and upstream plug 16 all 
being connected. The downstream plug 12 may be made of cellulose acetate, and the 
upstream plug 1 6 may be the same or different material. Tobacco 1 8 is shown next to the 
upstream plug 16. A fiber 22 and an adsorbent 23 combination are inserted in the space 
14. Fibers 22 that can be used are multilobal shaped micro cavity fibers such as those 
fibers described in the background of the invention, preferably, US patent 5,057,368 and 
US patent 5,509,430 which again are incorporated by reference in their entirety for all 
useful purposes. These fibers 22 are most preferably the fibers shown in Figures 3 and 
4 and are Honeywell's Triad fibers made from polypropylene and have an internal void 



fractional volume 0.5 - 0.6 and can mechanically entrap fine particles inside its micro cavity 
channels. 

Other polymeric materials, such as, but not limited to polyester, cellulose acetate 
and polysulfone may also be used to replaced poly propylene in micro cavity fibers for use 
in this invention. The semi-opened micro-cavities as defined here do not have to he as 
continuous as Triad fibers. Other shaped fibers such as porous fibers with less continuous 
semi-open micro-cavities can also be used. The flavorant material impregnated fibers as 
defined herein may be included in any part of the cigarette or a accessory smoking device 
in any possible engineering design that allows the them to be exposed to the smoke stream 
to reach the effect defined herein. 

Flavorant material 23 may be any flavoring compound in pure particulate or liquid 
form or a supported by adsorbent/absorbent particulate, that has the ability to add flavor 
to the smoke stream. Examples of such materials include methanol in pure solid powder 
form, menthol impregnated carbon or silica gel particles, menthol melt liquid or dissolved 
solutions. The adsorbent 23 is mechanically mixed with the fiber 22. The ratio of adsorbent 
particles to fiber may be in the range of 1 to about 90% by weight and preferably about 30- 
50% by weight. These absorbents 23 are mechanically held in the micro cavities of 
shaped fibers 22. The fibers 22 mixed with the adsorbent 23 are then inserted in the space 
14 and packed to a density to achieve the desired result of adding flavorant to the smoke 
steam during the smoking process. A wrapper 20 encases the tobacco 18, upstream plug 
16, the space 14 and fiber 22, flavorant material 23 and the downstream plug 12. 

Figure 2 illustrates another embodiment similar to Figure 1 except that it is a 
plug/space (PS) configuration. The cigarette 10A has a downstream plug 12 and a space 
14. The fiber 22 and flavorant material 23 are inserted in the space 14. 
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Other configurations may also function in addition to P/S/P and P/S arrangements. 
The fiber 22 impregnated with flavorant material 23 may be placed at any location in the 
cigarette that is exposed to the smoke stream such as at the plug locations 12 and 16 or 
in an accessory smoking device. 

Figure 3 illustrates tri-lobal fibers 30 with semi-open cavities according to the 
invention. Figure 4 illustrates quadrilobal fibers 32 with semi-open cavities according to this 
invention. Again, these fibers are described in US 5,057,368 and 5,509,430. 

Figure 5 is an enlargement of Figure 1 and illustrates the multilobal fibers 22 being 
combined with fine flavorant delivering particles 23 in a P/S/P configuration. 

Examples 

The following examples demonstrate, the spirit and scope of the present invention. 

Table 1 Data from the Examples 



Example of 
Cigarette 


Filter 
Configuration 


Menthol* 
Inc.(mg) 


Menthol 
Del. (mg) 


TPM (mg) 


Puffs 


Menthol Del. 
(mg/Puff) 


1 


P1/S/P2 


0 


0 


12.9 


6.2 


0 


2 


P1/S(triad/m 


-3.6 


0.14 


11.6 


6.6 


0.021 


3 


P2/Triad(Car 


-9.7 


1.28 


18.0 


6.7 


0.19 



*Amount may be less due to loss in experimental procedure. 
Example 1 was blank #2280 P1/S/P2 reference cigarette. 
Example 2 was prepared as follows: 



40.3 mg of Triad fiber 3-dpf PP fiber (pre-cut to about 1 inch in length) is mixed and 
shaken with excess of ground solid powder of 200 mg, Brazilian L-menthol needles in zip 
sealed polypropylene bags. After removing the excess solid by sieving with a #70 sieve, 
the fiber weighed 60.1 1 mg. 1 1 .16 mg of the impregnated fiber was then inserted into the 
space of #2280 reference cigarette in a P1/triad (menthol)/P2 configuration. The prepared 
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cigarette was sealed in plastic bags and tested in 1 1 days. The menthol delivery level is 
0.14 mg. 

Example 3 was prepared as followed: 

238.14 mg of above menthol, 463.29 mg of Methanol, and 393.17 mg of Pica 
coconut carbon dust were mixed and ground under stirring. After most of the methanol 
solvent was evaporated, the resulted solid (647.65 mg) was further ground to fine powder 
and transferred into a plastic bag and mixed and shaken with 29.73 mg of above discussed 
3-dpf triad fiber. After sieving off excess solid with a #70 sieve, 56.12 mg of impregnated 
fiber was obtained and inserted into a #2280 cigarette in a P2/Triad (Carbon, menthol) 
configuration. The sample was then sealed in a plastic bag and tested in 5 days. The 
menthol delivery level is 1 .28 mg. 

Shaped fibers with open or semi- surface micro-cavities could be used to prepare 
improved filters having the flavorant entrapped in the micro-cavities. Their micro-cavities 
could be used to retain fine absorbent particles such as carbon and APS silica gel powders 
or mixtures thereof and a flavorant without incurring high RTD. Depending on the surface 
characteristic of the impregnated solid powders, the removal of gas phase components can 
be realized via either physical adsorption or chemical reaction mechanism . By selecting the 
reaction mechanism, certain components of the smoke cigarrette may be selectively 
removed. 

While there is shown and described certain specific structures embodying the 
invention, it will be manifest to those skilled in the art that various modifications and 
rearrangements of the parts may be made without departing from the spirit and scope of 
the underlying inventive concept and that the same is not limited to the particular forms 
herein shown and described. 
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